SiGe基板単結晶の低欠陥化と歪みを制御した機能性ヘテロ構造の創製 by 中嶋  一雄
SiGe基板単結晶の低欠陥化と歪みを制御した機能性
ヘテロ構造の創製      


























































































(1) N. Usami, R. Nihei, I. Yonenaga, Y. No野,andK. Nakajim,
"Application of Cz∝hralski-grown Si-rich SiGe bulk crystal as a substrate for luminescent
quantumwells",
Appl. Phys.Left. 90, 181914 (3 pages) (2007).
(2) K. Kutsukake, N. Usami, K. Fujiwara, Y. Nose,and K. Nakajima,
"Structure and its influence om electriCalactivity of a near (310) ∑5 grain boundaryinbulk
silicon",
Materials Transaction. 48, 143-147 (2007).
(3) M. Tayanagi, N. Usami, W. Pan, K. Ohdaira, K. Fujiwara, Y. Nose, and K. Nakajima,
"Improvement in the conversion efrlCie∝y of single-junction SiGe solar cells by intentional
introduction of the compositioml distribution",
J. Appl. Phys. 101, 054504 (6pages) (2007).
(4) K. Kutsukake, N. Usami, K. Fujiwara, Y. Nose, and K. NakajiⅢn,
"Inhence of structtJral imperfection of ∑5 grainboundariesinbulk multicrystalline Si on their
electriCalactivities" ,
J. Appl. Phys. 101, 063509 (5pages) (2007).
(5) N. Usami, K. Kutsukake, K. NakajiⅡ凪, S.Amtabilian, A. Fave, M.Lemiti,
"Control of strain status in SiGe thin film by epitaxialgrowth on Siwithburied porous layer",
Appl. Phys.Lett. 90, 031915 (3 pages) (2007).
(6) N･ Usami, W･ Pan･ KI Fujiwara, M･ Tayanagi, K･ Ohdaira, and K･ Nakajinu:
"Effect of the compositional disbibution on the photovoltaiC power converslOn Of SiGe solar
cells",
Solar Energy Mat. and Solar Cells 91, 123-128 (2007).
(7) K. Sawano, Y. Kunishi , Y. Shiraki , K. Toyam, T. Okamoto , N. Usami, K. Nakagawa,
"Magnetotransport properties of Ge channelswith extremely highcompressive strain",
Appl. Phys.Left. 89, 162103 (3 pages) (2006).
(8) J. S. Xia, Yuta kegami, Y. Shiraki, N. Usami,and Y. Nakata,
uSb･ong resonant luminescencefrom Ge quantumdots in photonic crystalmicr∝avityat room
temperature" ,
Appl. Phys･Lett･ 89, 201 102 (3 pages) (2006).
(9) S. Ku姐nO, S. Nakatani, K. Sumitani, T. TAkahashi, Y. Ybda, N. Usami,and Y. Shiraki,
"HighSensitive lmaging of AtomiCAmangement ofGe Clusters Bmied in a Si Crystal by X-ray
Fluorescence Holography" ,
Jpn. ∫. Appl. Phys. 45, 5248-5253 (2006).
(10) K. Fujiwara, W. Pan, K. Sawada, M. Tokairin, N. Usami, Y. Nose, A Nomura, T･ Shishido, K･
Nakaj ima,
uDirectional grow也method to obtain highquality polycrystalline sdicon丘om its melt",
J. Crystal Grow血292, 282-285 (2006).
(1 I) K. Fujiwara, W･ Pan, N･ Usami, K. Sawada, M･ Tokairin, Y･ Nose, A･ Nomura, T･ Shishido
and K. Nakajima,
HGrow也of Structwe-Controlled Polycrystalline Silicon ingot for Solar Cells by Casting'',
Acta Materialia 54, 3 191-3 197 (2006).
(12) N. Usami, Y. Nose, K. Fujiwara, and K. Nakajirrn,
HStqq)ression of structtJral imperfection in strained Si by utilizing SiGe bulk substrateM,
Appl･ Phys･Lett･ 88, 221912 (3pages) (2006)･
(13) K. AJimoto, J. Yamanaka, K. Nakagawa, K. Sawan0, Y. Shiraki, S. Koh and N･ Usami,
HDetermination of lattice parameters of SiGe侶i( 1 1 0) heterostructures",
TbinSolid Films 508, 132-135 (2006).
-　3　-
(14) K. Sawano, N. Usami, K. Arimoto, K. Nakagawa and Y. Shiraki,
"Strain fleld and related rouglmess formation in SiGe relaxed buffer layers",
Thin Solid Films 508, 1 17-1 19 (2006).
(15) N･ Usami, K･ Kutsukake, T. Sugawara, K. Fujiwara, W. Pan, Y. Nose, T. Shishido and K.
Nakajima,
…Ralization of Bulk Multicrystalline Silicon with Controlled GrainBoundaries by Utilizing
Spontaneous ModiflCation of Grain Boundary Configuration",
Jpn. ∫. Appl. Php. 45, 1734-1737 (2006).
(16) A･Algun0, N･ Usami, K･ Ohdaira, W. Pan, M. Tayanagi, and K. Nakajima,
"hnuence of Stacked Ge islands on the Dark Current-Voltage Characteristics and Conversion
Etriciency of the Solar Cells'',
Thin Solid Films 508, 402-405 (2006).
(17) G･ Watari, N･ Usami, Y. Nose, K. Fujiwara, G. Sazaki, and K. Nakajinn,
"htermixing ofGe and Si during exposure of GeH4 0n Si",
nin Solid Films 508, 163-165 (2006).
(18) K･ Sawan0, N･ Usami, K･ Arimoto, K. Nakagawa, and Y. Shiraki,
"Thickness Dependence of StrainField Distribution in SiGe Relaxed Buffer I.dyers",
Jpn. ∫. Appl. Phys. 44, 8445-8447 (2005).
(19) K. Sawano, Y. Ozawa, A. Fukumoto, N. Usami, J. Yalmnaka, K. Suzuki, K. Arimoto, K.
Nakagawa, Y. Shiraki,
"Strain-field evaltJation of strain-relaxedthin SiGe layers fabricated by ion-implantation
method",
Jpn. ∫. Appl. Phys. 44, L1316-1319 (2005).
(20) K. Nakajima, K. Fujiwara, Y. Nose, and N. Usami,
"Liquid phase cptlaXialgrowth of Si layer on thin Si substrates &om Si pure melts under
near-equilibrium conditions" ,
Jpn. ∫. Appl. Phys. 44, 5092-5095 (2005).
(21) K. Ohdaira, N. Usami, W. Pan, K. Fujiwara, and K. Nakajizm,"Am1ysis of the Dark-ctment Densityin Solar Cells Based on Multicrystal1ine SiGe",
Jpn. J. Appl･ Phys. 44, 8019-8022 (2005).
(22) N･ Usami, M･ KitamtJra, K･ Obara, Y. Nose, G. Sazaki, K. Fujiwara, T. Shishido, and K.
Nakajim,
"Floating 2:One growth of Si-rich SiGe bulk crystaluslng Pre-Synthesized SiGefeed rod with
uniformcomposition",
J. Cryst. Grow血284, 57-64 (2005).
(23) Y. Satoh, N･ Usami, W･ Pan, K. Fujiwara, T. Ujihara, and K. Nakajima,
"hnuence of growth temperature onminority carrier lifetime of Si layer grown by liquid phase
epitaxy using Ga solvent",
J. Appl. Phys. 98, 073708 (4pages) (2005).
(24) N･ Usami, M･ Kitamura, T･ Sugawara, K･ Kutsukake, K. Ohdaira, Y. Nose, K. Fujiwara, T.
Shishido,and K. Nakajima,
"FIoating zone growth of Si bicrystalSuslng Seed crystals with artificically designed graln
boundary confi guratIOn" ,
Jpn. J. Appl. Phys. 44, L778-L780 (2005).
(25) M. Kitamura, N･ Usami, T. Sugawara, K. Kutsukake, K. Fujiwara, Y. Nose, T. Shishido,and K.
Nakajim,
…Grow血of multicrystalline Siwith controlled grainboundary configtmtion bythe nmting
zone t∝lmique'',
J. Cryst. Growth280, 419-424 (2005).
(26) K. Nakajima, Y. Azm, N. Usami, G. Sa2aki, T. Ujihara, K. Fujiwara, T. Shishido, Y. Nishijima,
and T. Kusunoki,
…Grow也of lnGaAsand SiGe homogeneous bulk crystals which have completemiscibility in
the phase diagrams",
INTERNATIONAL JOURNAL OF MATERIALS & PRODUCT TECHNOLOGY 22, 1 85-2 12
(2005).
-　4　-
(27) K. Nakajima, K･ Fujiwara, WI Pan, N･ Usami, and T･ Shishido,
"Growthand properties of SiGe multicrystalSwithmicroscoplC COmPOSitiotul distribution and
their applications for highetriciency solar cells",
J. Crystal Growth 275, e455le460 (2005).
(28) N. Usami, K. Kutsukake, W. Pan, K. Fujiwara, T. Ujihara, BI Zhang, T･ Yokoyarrm, and K･
Nakaj ima,
uGrow也of SiGe-on-insulator and its application as a substrate for epitaxy of strained Si layerM,
JI Crystal Growth 275, e1203-e1 207 (20,05)･
(29) Y. Azuma, N. Usami, K. Fujiwara, T. Ujihrara,and K. NakajiⅡ凪,
"A simple approach to detemine preferential growth orientation uslng multiple seed crystals
with random orientationsand its utilization for seed optimization to resけain polycrystal1ine of
SiGe bulk crystal",
J. CrystalGrowth 276, 393-400 (2005).
(30) K. Fujiwara, W. Pan, N. Usami, K. Sawada, A･ Nomtm, T･ Ujihara, T･ Shishidoand K･
NakajiⅡ迫,
uStructural properties of dircctionally grown polycrystalline SiGefor solar cells",
J. CrystalGrowth 275, 467-473 (2005),
(3 1) K. AJimoto, D. Ftmkawa, J･ Yarnanaka, K･ Nakagawa, K･ Sawano, SI Koh, Y･ Shiraki, and N･
Usam,
HCbanges in elastic deformation of strained Si bymicrofabrication",
Materials Science in Semiconductor Pruessing 8, I 8 1- 1 85 (2005).
(32) K. Sawano, N. Usami, K. Arimoto, S. Koh K. Nakagawa, Y. Shiraki,
HObservation of strain fieldfluctuation in SiGe-relaxed buffer layers and its innuence on
overgrown structures" ,
Materials Science in Semiconductor Pr∝essing 8, 1 771 I 80 (2005).
(33) N. Usami, K. Fujiwara, W･ Pan, and K. Nakajima,
"Onthe origin of improved conversion eqlCiency of solar cells based on SiGewith
compositional distribution" ,
Jpn, J. Appl. Phys･ 44, 857-860 (2005)･
(34) Y. Nishijilm, H･ Tezuka, K･ Nakajilm,
HA modified zone growthmeth∝l for an InGaAssingle crystal'',
J. Crystal Growth 280, 364-371 (2005).
(35) K. Sawan0, S. Koh, Y. Shiraki, Y. Ozawa and T･ Hattori, J･ Yarrnnaka, K･ Suzuki, KI Admoto,
K. Nakagawa, and N. Usam,
…Fabrication of high-quality stmin-relaxed thin SiGe layers on ion-implanted Si substrates",
Appl. Phys.Lett･ 35, 251412516 (2004)･
(36) W. Pan, K. Fujiwara, N･ Usami, T･ Ujihara, K･ Nakajirm, and R･ Shimokawa,
"Ge composition dependence of properties of solar cells based on multicrystalline SiGewith
miCroscopIC COmPOSitiona disbibution",
J. Appl. Phys･ 96, 1238-1241 (2004)･
(37) N. Usami, A.Algun0, K. Sawano, T･ Ujihara, K･ Fujiwara, G･ Sazaki, Y･ Shiraki, and K･
NakajiⅡ払,
HFabrication of solar cellwith stacked Ge islands for enhanced absorptlOn in the in血red
reglme",
Thin Sold Films 451/452, 604-607 (2004).
(38) K. Kutsukake, N. Usami, T. Ujihara, K･ Fujiwara, G･ SaZaki, and K･ Nakajima,
"On the origin of strain fluctuation in strained-Si grown on SiGe-on-insulator and SiGe virtual
substrates",
Appl. Phys.Lettl 85, 1335-1337 (2004)･
(39) Y. Azuma, Y. Nishijima, K. Nakajirru, N. Usami, K･ Fujiwara, and T･ Ujihrara,
"Successful growth of an IniGa]_,As(X>0, 1 8) single bulk crystaldir∝tly on a GaAsseed
crystalwith preferential orientation'',
Jpn. ∫. Appl･ Pbys･ 43, L907-L909 (2004)･
(40) K. Fujiwara, Y. Obimta, T. Ujihara, N. Usami, G･ Sazaki, and K･ Nakajim,
"Grain growth behaviors of polycrystalline silicon during melt growth pruesses",
-　5　-
J. CrystalGrowth 266, 44 1-448 (2004).
(41) T. Ujihara, K. Obara, N. Usami, K. Fujiwara, G. SaZaki, T. Shishido, K. Nakajirrn,
"Effects of growth temperature on the surface morphology of silicon thin-fllm on ( 1 1 1) silicon
monocrystalline substrate by liquid phase epitaxy",
J. CrystalGrowth, 266, 467-474 (2004).
(42)Algun0, N. Usami, T. Ujihara, K. Fujiwara, G. Sazaki, K. NakajirLn, K. Sawano, and Y.
Shiraki,
"Effects of spacerthickness on quantum efficiency of the solar cells with embedded Ge islands
in the in廿insic layer",　　　　　　′
Appl. Phys.Lett. 84, 2802-2804 (2004).
(43) K. Kutsukake, N. Usami, K. Fujiwara, T. Ujihara, G. Sazaki, K. Nakajirrn, B. P. Zhang, and Y.
Segawa,
"Fabrication of SiGel0n-insulator by rapid therml annealing of Ge on Si-on-insulator
substrate",
Appl. Surf. Sci. 224, 95198 (2004).
(44) K. Fujiwara, Y. Obinata, T. Ujihara, N. Usami, G. Sazakiand K. Nakajirru,
"h-Situ observation of melt growth behavior of polycrystalline silicon",
J. CrystalGrowth 262, 124-129 (2004).
(45) N. Usami, W. Pan, K. Fujiwara, T. Ujihara, G. Sazaki, and K. Nakajima,
"Relationship between device perfornnce and grain boundary structtml configuration in a
solar cell based on multicrystalline SiGe",
Jpn. J. Appl. Phys. 43, L250-L252 (2004).
(46) K. Nakajin, T. Ujihara, N. Usami, K. Fujiwara, G. Sazaki, and T. Shishido,
"Phase diagram of growth mode for　the SiGe/Si heterostructure system with　misfit
dis I uati ons" ,
J. CrystalGrowth 260, 372-383 (2004).
(47) K. Sawano, S. Koh, Y. Shiraki, N. Usami, and K. Nakagawa,
"In-plane strain nucttJation in strained-Si/SiGe heterostructures",
Appl. Phys･Lett･ 83, 4339-4341 (2003)･
(48) K. Sawan0, K. Arimoto, Y. Hirose, S. Koh, N. Usami, K. Nakagawa, T. Hattoriand Y. Shiraki,
"Plamrization of SiGe　virttnl substrates by CMP and its application to strained Si
modulation- doped structures" ,
J. Cryst. Grow血251 693-696 (2003).
(49) N. Usami, T. Ichitsubo, T. Ujihara, T. Takahashi, K. Fujiwara, G. Sazaki, and K. Nakajima,
HInnuence of the elastic strainon the band structtqe of cllipsoidal SiGc coherently embeddedin
Si rrnbix",
J. Appl. Phys. 94, 916-920 (2003).
(50) N. Usami, A.Algun0, T. Ujihara, K. Fujiwara, G. Sazaki, K. Nakajirrn, K. Sawano, and Y･
Shiraki,
"Stacked Ge islands for photovoltaic applications",
Sci. Tech. Adv. Mat. 4, 367-370 (2003).
(51) A.Algun0, N. Usami, T. Ujihara, K. Fujiwara, G. Sazaki, Y･ Shiraki, and KI Nakajirrn,
…Enhanced quantum etriciency of solar cells with self-assed)led Ge dots stacked in multilayer
structtJre",
Appl. Phys.Lett. 83, 125811260 (2003).
(52) T. Ujihara, K. Obara, N. Usami, K. Fujiwara, G. Sazaki, T. Shishido, K･ Nakajirrは,
HHigh-qtJality crystalline silicon layer grown by liquid phase epitaxy method at low growth
temperature" ,
Jpn. J. Appl･ Phys1 42, L217 l I.219 (2003)･
(53) K. Hayashi, Y. Takahashi, E. Matsubara, K. Nakajirrn, and N･ Usami,
"3D atomic imaglng Of SiGe system by X-ray fluorescence holography",
J. Materials Science: Materials in Elecb･onics 14, 459-462 (2003).
(54) K. Kutsukake, N･ Usami, K･ Fujiwara, T･ Ujihara, a Sazaki, B･ P･ Zhang, Y･ Segawa, and K･
Nakajima,
HFabrication of homogeneous　SiGe-on-insulator　through　therrnal diffusion of Ge on
-　6　-
S i- on- insulator subsbTate" ,
Jpn. J. Appl. Phys･ 42, L232-L234 (2003).
(55) Y. Azurru, N. Usami, T. Ujihara, K. Fujiwara, Y. Murakami, and K. Nakajirru,
"Grow血of SiGe bulk crystal with uniform composition by utilizing feedback control system of
the crystal-melt interface position for precise control of the growth temperature",
J. CrystalGrowth 250, 2981304 (2003).
(56) T. Ujihara, K. Fujiwara, G Sazaki, N. Usami, K. Nakajima,
"Simultaneousin-situ measurement of solute and temperattqe distributions inthe alloy
sol uti ons" ,　　　　　　　　　　　′
J. Crystal Growth 242, 3 13-320 (2002).
(57) K. Fujiwara, Ke. Nakajirrn, T. Ujihara, N. Usami, G. Sazaki, H. Hasegawa, S. Mizoguchi, K･
Nakajima,
"h situ observation of crystal growth behavior of silicon melt",
J. Cryst. Grow也243, 275-282 (2002).
(58) N･ Usami, T･ Takahashi, K･ Fujiwara, T･ Ujihara, G･ Sazaki, Y･ Mlrakami, and K･ Nakajirrn,
"Strain distribution of Si thin film　grown on multicrystalline-SiGe with　microscopIC
compositiom1 distribution'',
J. Appl. Phys. 92, 7098-7101 (2002).
(59) K. Nakajim, T. Kusunoki, Y. Azum, N. Usami, K. Fujiwara, T. Ujihara, G. Sazaki, and T.
Shishido,
"Compositioml variation in Si-rich SiGe single crystals grown by multi-component zone
melting method using Si seed and source crystals",
J. CⅣstal Growth 240, 373-381 (2002).
(60) N. Usami, T. Takahashi, K. Fujiwara, T. Ujihara, G. Sazaki, Y. Murakami, and K. Nakajilm,
"Evidence fTorthe presence of built-in straininmulticrystalline SiGe withlarge compositional
distrib uti on" ,
Jpn. ∫. Appl. Phys. 41, 4462-4465 (2002).
(61) T. Ujihara, K. Fujiwara, G Sazaki, N. Usami, and K. Nakajima,
"Evaluation of mut岨I and intrinsic di飽5ion coe位cients in the liquid GaGe binary system
uslng novel detemination method based on Fick's first law",
J. Non-cryst. Solids 312, 196-202 (2002).
(62) K. NakajiⅡ狙, N. Usami, K. Fujiwara, Y. Murakami, T. Ujihara, G. Sazaki and T. Shishido,
uGrow也and propertleS Of SiGe multicrystals withmiCroscopIC COmPOSitional distribution for
high-etrlCiency solar cells",
Solar Energy Materials & Solar Cell 73, 305-320 (2002).
(63) K. Nakajirrn, N. Usami, K. Fujiwara, Y. Murakami, T. Ujihara, G. Sazaki, and T･ Shishido,
"Melt growthof multicrystalline SiGe with1arge compositionaldisbibution for new solar cell
applications" ,
Solar Energy Materials and SolarCells 72, 93- 100 (2002).
(64) T. Ujihara, K･ Fujiwara, G Sazaki, N･ Usami, and K･ Nakajirrnl
HNew汀把thod for meastmment of interdifRはion coetricient in hightemperature solutions based
on Fick's first law",
J. Crystal Growth 241, 387-394 (2002).
(65) N. Usami, K. Fujiwara, T. Ujihara, G Sazaki, H. Yaguchi, Y. Murakami,and K. Nakajhn
HControl of Macroscqpic Absorption CoeWICient of Multicrystalline SiGe by MicroscopIC
Compositiom1 Distribution''
Jpn. ∫. Appl. phys. 41, L37-L39 (2002).
(66) G. Sazaki, S. Miyashita, M. Noktm, T. Ujihara, N･ Usami, and K･ Nakajima,
"h-situ observation of the Marangomi　Convection of a NaCl aqueous solutionunder
microgravity"
J. Cryst. Growth234, 516-522 (2002).
(67) G. Saaki, Y. Azurrn, S. Miyashita, N. Usami, T. Ujihara, K. Fujiwara, Y･ Murakami, and K･
Nakajima,
uln-situ monitoring system of the position and temperature atthe crystal-solution interface",
J. Crystal Growth 236, 125-13 I (2002).
ー　7　-
(68) NI Usami, Y･ Azm, T･ Ujihara, α Sazaki, K. Fujiwara, Y. MtJrakami, and K. Nakajirrn
"Fabrication of SiGe bulk crystalswithuniform composition as substratesfor Si-based
heterostructures",
Mat･ Sci･ Eng･ B 89, 364-367 (2002).
2.口頭発表　　　　　　　　　　　　　　′
主な招待講演




HMelt growth of SiGe multicrystals withmiCroscopIC COmPOSitioml dis廿ibution and their
aTPhPeli5C.aLio,:ioLygs霊慧=GyESOiaivceeI箆, kmir, Twkey, ,uns ,0 (2005).
(3) N･ Usami, A･Algun0, K. Ohdaira, K. Fujiwara, and K. Nakajirrn,
"Japanese qDs fb∫ PV conversion",
FULL SPECRUMand SOLAR ELECTRICITY joint scientific workshop on the utilization of
the solar spectrum, Ispra, Italy, November 22124 (2005).
(4) K. NakajiⅡ払, K. Fujiwara, W. Pan, and N. Usami,
"Grow血and properhes of SiGe multicrystals with microscoplC COmPOSitional distribution
and their applications for highefficiency solar cells''
The Second Japan-Australia Workshop on Advanced Materials, Sydney, Australia, December
4-8 (2004).
(5) N･ Usami, K･ Fujiwara, W･ Pan, TI Ujihara, A.Algun0,and K. Nakajirrn,
HAdvanced Si-based lmterials for solar cell applications: Muticrystalline SiGe with
microscoplC COmPOSitional disbjbution and vertically stacked Ge islands'',
The First Japan-Australia Workshop on Advanced Materials, Sendai, Japan, Jan岨ry 15-19
(2004).
(6) K. Nakajim, K. Fujiwara, W. Pan, and N. Usami,
uMelt growth of SiGe multicrystalswithmiCroscopIC COmpOSitioml disbibution for new solar
cell applications",
2004Asian Symposium on Crystal Growthand Crystal Technology, Shandong Universlty,
China, May 26 (2004).
(7) K. Nakajiln恥K. Fujiwara, W. Pan,and N. Usami,
uMclt grow山of SiGe multicrystals withmicroscopIC COmPOSitioml distribution for new solar
cell applications",
1StAlSTIRCPV Intermtional Workshop'AlST T如k血Central, Tsukuba, Japan, May 12
(2004).
(8) K. Nakajim, K. Fujiwara, Y. Azum, W. Pan, and N. Usami,
HMelt growthof SiGe bulk crystals withmiformComposition and SiGe multicrystals with
microscopIC COmPOSitional distribution for new SiGe solar cell applications",
The Tohoku-Cambridge Forum, Cambridge Umiversity, Cami)ridge, England, June 10-ll
(2004).
(9) N･ Usami, A･Algun0, K･ Fujiwara, K. Nakajinn, T, Yokoyama, and Y. Shiraki,
"New solar cellsusing Ge dots embedded in Si Pm structuresM,
lst IEEE htemational Conference on GroupJV Photomics, Hong Kong, Chi凪, Sep･29-Oct･ 1
(2004).
(10) K･ Nakajirru, K･,Fujiwara, YI Azurrn, N. Usami, T. Ujihara, and G. Sazaki,
uMelt growthof SiGe bulk crystalSwith uniform composition and SiGc multicrystalswith
microscopIC COmPOSitional dis廿ibution for new Si/SiGe heterostructtml solar cellsM,
-　8　-
Rorrnnian　Conference on Advanced Materials: ROCAM　2003, Constantza, Romania,
September 1 5- 1 8 (2003) blerLary)
(ll) N. Usami, K. Kutsukake, Y. Azum, K･ Fujiwara, T･ Ujihara, G･ Sazaki, YIMurakami, K･
Nakagawa, and K. Nakajim,
…Fabrication of SiGe substratewith unifTorm compositionand its application to strain-controlled
epltaXy for group-IV heterostructures",
the second international workshop on new group-IV semiconductors, Kofu, Japan, June 2-4
(2002) ･　　　　　　　　　　　　′
主な国際会議発表
(1) N. Usami, Y. Nose, K･ Fujiwara, andK･ Nakajirrn,
uSII押reSSion of structtml imperfection in strained Si by utilizing SiGe bulk sdbstrate",
siGe:Materials Pr∝esslng and Devices, Moon Palace Resort, Cancun, Mexico, October
291November 3 (2006).
(2) N. Usami, M. Kitamura, K. Obara, Y･ Nose, T･ Shishido, and K･ Nakajirrm,
"Floatlng zone grOWthof Si-rich SiGe bulk crystaluslng Pre-Synthesized SiGefeed rod with
unifbm composition"
First International Workshop on New Group-lV Semiconductor Nanoelectromics, Sendai, Japan･
May 27-28 (2005)･
(3) Y. Azum, Y. Nishijima, N･ Usami, K･ Fujiwara, T･ Ujihara, and K･ Nakajima,
"Restmlnlng POlycrystallization of multicomponent semiconductors uslng Seed crystals with
preferential orientation detemined bythe growth with seed crystals of random orientation" ,
14thInterTntional Conference on CrystalGrowth and 12thIntermtioml Conference on vapor
growth and epitaxy, Grenoble, France, August 9- 1 3 (2004)･
(4) N. Usami, YI Azuma, K･ Fujiwara, G･ Sazaki, and K･ Nakajirrn,
"Grow也of SiGe bulk crystal withmiform composition'',
Third intermtional workshop on new group-lV (Si-Ge-C) semiconductors, Sendai, Japan,
Octdber 12-13 (2004).
(5) K. Kutsukake, N. Usami, T･ Ujihara, K･ Fujiwara, and K･ Nakajima,
"A comparative study of strain fleld in strained Si on SiGe10n-insulator and SiGe virtual
substrates",
The first lnterTntiorLal SiGe: Materials, Pr∝esslng, and Devices Symposiumin the Fall 2004
Electrochemical Society Conference, Honolulu, Hawaii, USA, October 3-8 (2004)･
(6) K. Nakajima, K. Fujiwara, W･ Pan, N･ Usami, T･ Ujihara,and T･ Shishido,
HGrow血and properties of SiGe multicrystals withmicroscoplC COmPOSitiona disbibutionn,
14thInterrntional Conference on CrystalGrowthand 12thIntermtional Conference on vapor
growth and epitaxy, Grenoble, France, August 9- 1 3 (2004)I
(7) K. Fujiwara, Y. Obilnta, T･ Ujihara, N･ Usami, W Pan, G･ Sa2:aki and KI Nakajirrn,
uDirect observation of melt growth behavior of polycrystal1ine silicon for solar cells",
14thlntematioml Conference on Crystal Growth and 12thIntermtional Conference on vapor
growthand epitaxy, Grenoble, France, August 9- 1 3 (2004)･
(8) Y. Azm, N. Usami, K. Fujiwara, T･ Ujihara, G･ Sazaki,Y･ Mtmkami, and K･ Nakajima,
…observation of geometrical selection of SiGe bulk crystalusing EBSP meastqement and its
utilization for restraining polycrystallization",
FiReenthAmerican Conference on Crystal Growthand Epitaxy, Keystone, Colorado, USA, July
20-24 (2003).
(9) K. Nakajima, T･ Ujihara, NI Usami, A･Algun0, K･ Fujiwara,and G･ Sazaki,
"phase diagram of the Stranski-Krastanov mode forthe SiGe/Si heterostructure system and
applicationfor solar cells with self-assembled Ge qtJantumdotsn,







特麻2003-355443 (出蘇日: 2003年10月15日) ､特開2005-119900 (公開日: 2005
年5月12日)
(2)中嶋　一雄､藤原　航三､宇佐美　徳隆､宇治原　徹､我妻　幸長､
｢Ge系結晶の成長方法､ Ge系結晶､ 'Ge系結晶基板及び太陽電池｣ ,
































































































































(%)I ILJqLJDON lncontent x(%)

















TOUR ： Tohoku University Repository 
コメント・シート 
 
本報告書収録の学術雑誌等発表論文は本ファイルに登録しておりません。なお、このうち東北大学
在籍の研究者の論文で、かつ、出版社等から著作権の許諾が得られた論文は、個別に TOUR に登録
しております。 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TOUR 
http://ir.library.tohoku.ac.jp/ 
 
